Abstract: China's recent remarkable economic development has also witnessed changes in technique efficiencies associated with factors, such as R&D investment, institutional factors, human capital accumulation and trade openness. Based on stochastic frontier analysis (SFA) panel data, this paper evaluates these changing technique efficiencies in 30 Chinese administrative regions over the period from 1996 to 2009. It also conducts a quantitative evaluation of the influence administrative expenditures have on technique efficiencies and analyses the impacts of financial crises on the technique efficiencies of the Chinese provinces.
INTRODUCTION
Since 1978, China achieved remarkable economic development and in the last decade its annual GDP growth rate was over 9%. Many economists, e.g. Lau and Brada (1990) , Wu (1995) , Yuan et al. (2005) , Fu and Wu (2006) , Wang et al. (2006) , Fan and Wang (2009) , to name a few among others, have analysed China's changing technique efficiency for possible causes for its economic growth, such as R&D investment, institutional factors, human capital accumulation and trade openness. This study builds on this valuable research.
In the endogenous economic growth model, financial expenditure is an important factor influencing economic growth. First, government expenditure on education and public health can influence labor productivity and effective labor supply (e.g. Uzawa, 1965; Lucas, 1988 ). Increase in the educational level of the labour force can lead to a long-term output growth. Expenditure on public health can increase the effective labour supply, and can also improve the ability of labour to receive education and new technology. Government expenditure can also influence capital productivity and effective capital supply, which can be seen in the following areas: government expenditure on public goods can permanently improve the productivity of private capital, therefore it can be positively influential on the long-term growth rate of output; social and political stability can influence resource configuration efficiency, therefore government expenditure on defence and public order can influence capital productivity; research and development funded by the government can improve the capital output rate. Investing in R&D positively influences GNP (Lichtenberg, 1992) . However, no research has been conducted on the influence of financial expenditure on China's technique efficiency. Using the four perspectives of education and health, defence and safety, public goods and R&D, this study conducts empirical analysis on the influence of China's financial expenditure on technique efficiency. Furthermore, financial expenditures, as the government's macro-control leverage, are influenced by the external economic environment. The study also explores the impacts of the 1997 Asian financial crisis and the 2008 global financial crisis on China's technique efficiencies.
This paper introduces a model, explains the data sources and the selection process for the relevant indexes. It then explores the technique efficiencies of China's provinces and the factors influencing them. The impact of the financial crises is also examined and some recommendations and conclusions provided.
MODEL AND DATA
The measurement of the technique efficiencies was first proposed by Farrell (1957) and was later developed further by many other scholars. The methods of the measurement and calculation for technique efficiencies include mainly non-parametric methods based on data envelopment analysis (DEA) and parametric methods based on stochastic frontier analysis (SFA). There is no need for DEA to assume a specific form of production function compared to SFA, whereas linear programming can be used to measure technique efficiency. The main disadvantage of the DEA method is that it is difficult to account for the impacts of random factors on outputs which may affect the evaluation accuracy. Therefore, this study uses SFA to evaluate technique efficiencies and their influencing fiscal factors at a provincial level.
The SFA model was first developed by Meeusen and Broeck (1977) , Aigner et al. (1977) and Battese and Corra (1977) on the basis of the traditional production function by introducing a random disturbance term. Its basic model can be expressed as:
where Y represents output, X is a group of input vector, β is a group of parameter vector to be estimated; exp(V-U) is an error item, where V represents the deviation of the output boundary caused by the random errors, often assumed This study is based on the SFA model formed by Battese and Coelli (1995) and uses the logarithmic C-D production function and panel data of China's provinces to evaluate the level of technique efficiencies (M it ) and their influencing fiscal factors. The detailed form of the model constructed is shown below:
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where, Y it , L it and K it represent respectively GDP, labour force and capital stock of the ith province in year t, β 0 is a constant, β 1 and β 2 are parameters to be estimated representing respectively the output elasticity of labour force and capital；
are independent from U it ，U it are subject to being half normal distribution 2 ( , ) it U N M σ . The variables EH it , IC it , DS it and RD it represent respectively the values of expenditures on education and health, defence and security, public goods and R&D which have been taken after the natural logarithm in the ith province in year t. We assume the government's expenditure on education health, defence and security, public goods and R&D as a group of influencing factors. Through evaluating the δ i parameters, we can obtain the relative level of influence on technique efficiency for each expenditure. TE it are the technique efficiencies in the ith province in year t.γ∈ [0, 1] is also a parameter to be estimated, which reflects the ratio of variation of errors from U, where it is necessary to test γ. If γ=0 is accepted, U it can be removed from the model and the parameter will not need to adopt the stochastic frontier model and can use directly the least squares method.
Statistical 1995-2009 data for 30 Chinese provinces are used to empirically evaluate the technique efficiencies and their influencing factors. The current existing statistical database does not cover capital stock data for individual provinces, but some evaluation exists. For example, Zhang et al. (2004) developed a good method whose basic formula has been adopted in this study as shown below:
where K it , I it are respectively the capital stock in the ith province in year t and gross fixed capital formation， η it is capital depreciation rate (9.6% obtained in this study). Using equation 6, the capital stock of each province during the 1995-2009 period can be calculated.
Furthermore, provincial expenditure on defence and security is the total of the expenditure on defence and armed police force; expenditure on public goods is the total of expenditure on provincial basic construction (mainly infrastructure); R&D expenditure is the total expenditure on science and technology (S&T) and research and development (R&D). The data was obtained from the 1996-2010 China statistical yearbooks.
EVALUATION
Using Frontier 4.1 software, we evaluated the SFA model constructed in section 2 by the Maximum Likelihood method. Table 1 shows the parameter estimation and hypothesis test results. The results from the SFA model indicate that the estimated coefficients of the explanatory variables are consistent with the theoretical expectations and are statistically significant. According to table 1, γ=0.974 and passed the significant test at the 1% level, which demonstrates that 97.4% of the production function error is from the efficiency factors of the provinces. This shows that non-efficiency factors can explain the significance of the total error of the model as well as the rationality and reliability of SFA. The likelihood ratio tests reject the null hypothesis 1 of non-existing technique inefficiencies.
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The output elastic coefficient of labour force and capital are respectively 0.253 and 0.870, and they both passed the 1% significance test, which means the elasticity of capital is much higher than that of the labour force. Capital plays a leading role in the current economic growth in China. The output elasticity of China's labour force is relatively low, therefore China's economy can be accelerated through improving labour quality and increasing the labour's output elasticity. The tests of returns to scale indicate that the summary of elasticity of capital and labour force is greater than 1, which means that the increase in inputs of capital and labour can still promote China's provincial economy without considering progress in technique and human capital externalities. Similar research outcomes have been suggested by He (2004) and Yuan et al. (2005) .
Among the factors influencing technique efficiency, the coefficients of expenditures on education and health, public goods and R&D are respectively -0.293, -0.121 and -0.209，all of which passed the 1% significance test. This indicates that when government expenditures on education and health, public goods and R&D increase by 1%, this will cause an increase of respectively 0.293%, 0.121% and 0.209% in provincial technique efficiencies. This means that government expenditure on education and health have enhanced the technique efficiencies through improving labour productivity and effective labour supply. It also suggests that expenditures on public goods and R&D play a significant role in enhancing technique efficiencies through improving capital productivity and effective capital supply. The evaluation results show that the coefficient of government expenditures on defence and public order is -0.007, which however didn't pass the significance test. Although social and political stability may influence capital productivity through influencing the efficiency of resource configuration, the results of this study suggest this is insignificant. (Hu et al., 2010) . Among the 11 provinces of the western region, 6 are in the bottom 10 of the ranking. This indicates that the poorly developed western region has low technique efficiencies, in many ways due to underinvestment by the Chinese central government in these provinces and only relatively recent strategies to "Open Up the West" (Goodman, 2004) . Improving the technique efficiencies in the western region should be a practical option to accelerate its economic development. Figure 1 shows the 19952009 trend in technique efficiencies of China's regions. There was an overall increase in technique efficiencies in all regions with the average provincial technique efficiency rising from 0.7675 in 1995 to 0.8833 in 2009 with an increase of 15%. However, the distribution of China's technique efficiencies demonstrates a serious regional imbalance with the values for the eastern region being relatively higher than those for the central and western regions. The technique efficiencies of each year in the western region are and is also larger than the threshold suggested by Kodde and Palm (1986) , therefore the null hypothesis of non-existing technical void effect can be rejected.
lower than those for the eastern and central regions which had greater inter-annual fluctuations. Since 1995, the average technique efficiencies in the eastern, middle and western regions have increased respectively 13.1%, 16.1% and 16.5%, which shows a trend towards convergence in regional imbalance.
Figure 1. Changing trends of technique efficiencies in Chinese regions, 1995-2009

CHINA'S PROVINCIAL TECHNIQUE EFFICIENCY AND FINANCIAL CRISES
China's economy was on a trajectory of recovery (with an average GDP growth rate of 10% for 1998-2008) from the 1997 Asian financial crisis, when it was hit again by the 2008 global financial crisis. The GDP growth rate dropped significantly from 14.2% in 2007 to 9. 6% in 2008 6% in (NBSC, 2011 . The impact of both financial crises on China have drawn a lot of attention (e.g. Kemenade, 1999; Liu, 2009 ) but the main focus has been on the macroeconomic level while we examine this in the context of technique efficiency.
Although there was an overall increase in the provincial technique efficiencies, some volatility was observed in 1997, 2008 and 2009 (see Figure 1) , which shows that both financial crises have had an impact on the provincial technique efficiencies with a greater volatility during the Asian financial crisis. China's average provincial technique efficiency decreased from 0.8499 to 0.8271 (or 2.69%) between 1996 and 1997. In addition there was a decrease of respectively 2.08%, 1.38% and 4.29% in the eastern, central and western regions and there were varying degrees of decline in the technique efficiencies in 29 provinces. In 2008 the global financial crisis continued to send shockwaves with the growth rate of the provincial technique efficiencies lower than in 2007 for 17 provinces; in particular, the average growth rate in the central region decreased by 0.05%. In 2009, the global financial crisis had additional impacts on the technique efficiencies which caused China's average provincial technique efficiency to decrease by 1.06% of the 2008 rate.
Compared to the Asian financial crisis, the impact of the global financial crisis was lower but lasted longer. It might be the case that China's economic strength was smaller when the Asian financial crisis outbreak started. For instance, the GDP in 1997 reached 7897.3 billion yuan (7 th in the world) but there was also a financial deficit which accounted for 0.74% of GDP due to China's relatively weak economic system. Therefore there was greater volatility in the technique efficiencies in the wave of the Asian financial crisis. However, there has been a great improvement in China's recent economic strength, particularly with a five consecutive years of economic growth rate of over 10% from 2003 to 2007 when its GDP reached 24661.9 billion yuan, making China the 3 rd largest economy in the word. In 2007, China's financial income reached 5.1 trillion yuan and achieved fiscal surplus of 0.28% of GDP. This proved that China's risk-resistance ability was stronger than ever. However due to the complicated domestic and international situations that China had to face, such as the strong earthquake in Wenchuan of Sichuan province and other serious natural disasters, the global financial crisis of epic proportions affected China's technique efficiencies for a longer period.
CONCLUSION AND RECOMMENDATIONS
Based on the SFA，this study evaluated the 1996-2009 trends of China's provincial technique efficiencies, including the influence of government expenditure on education and health, public goods, defence and security and R&D. It also examined the impacts of the 1997 Asian financial crisis and the 2008 global financial crisis on the technique efficiencies. Below are some conclusion and recommendations：
• The elasticity of China's labor productivity outputs is relatively low due to the poor quality of the labour force -an important factor which constrains China's economic development. Promoting China's labour force transformation and training and improving the quality of the labour force are the two important considerations in formulating future economic development policies in China.
• Expenditures on education, health, public goods and R&D can enhance significantly the technique efficiencies. Optimising the structure of the expenditure and improving its efficiencies are the main tasks for increasing the provincial technique efficiencies in China.
• The technique efficiencies of the eastern part of China are much higher than those of the middle and western parts. Improving the technique efficiencies of the middle and western parts, including providing more financial assistance from the central government, becomes very important for accelerating their economic development and changing the backward status of these regions.
• Both financial crises have impacted the technique efficiencies of China's provinces, with bigger shockwaves sent by the Asian financial crisis and a longer period of impact for the global financial crisis.
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